To the student of rheumatic fever there are, in the natural history of this disease, few aspects of greater interest than the occurrence of explosive outbreaks. These epidemics are peculiarly significant in that they indicate that rheumatism is infectious in origin. The classical examples, described in Europe by Newsholme (1) , by Hirsch (2) and by Andrieu (3) , are well known; while the smaller outbursts of rheumatism in urban populations, in certain families, at congested military camps, in convalescent hospitals and in institutions, although rather obscure, constitute, nevertheless, an even more interesting chapter in the history of this disease. Although the clinical data of these outbreaks have been carefully collected, bacteriological studies of these previous waves of rheumatism have been lacking. Quite recently, however, bacteriological observations have been made by workers in England (4, 5) and in America (6) , and their findings have indicated the importance of the association of hemolytic streptococcus with these explosive outbreaks. The present series of studies is concerned primarily with two aspects of the problem: first, the relationship of hemolytic streptococcus throat infection to the development of rheumatic fever; second, the association between recrudescences in rheumatic patients and preceding infection with Streptococcus hemolyticus. The bacteriological findings in this laboratory and those of other workers, together with necessary clinical data, are here recorded to emphasize this ecological relationship.
The Correlation between the Ecology of Hemolytic Streptococcus and the Geographical Distribution of Rheumatic
Fever.--For many years it has been recognized that rheumatism is especially severe and 609 frequent in the north temperate zone. On the other hand, recent observations during the course of the present study (6) , 1 and those of other workers have indicated the mildness of clinical manifestations and the relative rarity of the anatomical lesions of rheumatism in certain tropical countries. For this dissimilarity of incidence, an explanation has long been advanced that cold and dampness are important underlying factors in the pathogenesis of rheumatic fever. That humidity, dampness and cold may aggravate the symptoms of an individual who has had rheumatism and experienced tissue changes, has been repeatedly observed. However, during this study the direct influence of climate appeared to be of minor importance in initiating activity of the rheumatic process. There seemed to be a close and significant relationship between climate and the respiratory tract infections associated with rheumatic disease.
The influence of climate on a streptococcus disease is evident from certain aspects of the geographical distribution of scarlet fever. Scarlatina is almost unknown in the tropical island of Puerto Rico; yet that susceptibility exists is demonstrated by the fact that Puerto Ricans contract scarlet fever after arrival in New York City. A more striking example of the influence of climate on the incidence of this hemolytic streptococcus infection exists in Brazil (7):
There, two cities of considerable population flourish only a 2 hours' railroad journey apart. S~o Paulo is in the mountains at an altitude of 800 m. and Santos, its port, is on the coast at sea level. The geographic and meteorological data are as follows: From these data it is observed that S~o Paulo is not distant from Santos and Rio de Janeiro; that it is not so densely populated as the latter; that it experiences a comparable humidity (less than Santos) but that its minimum and average monthly temperature is much lower than that of the other cities. This air temperature of 1.7°C. absolute minimum and monthly average 13.9--20.6 ° is comparable to the temperature in New York City during the spring months, when the incidence of rheumatic fever is high.
Physicians in Brazil have established the fact that scarlet fever appears in the mountainous regions of Sgo Paulo and is extremely rare in the seashore city of Santos only a few miles away. The mortality statistics, 1921 to 1927, record deaths from scarlet fever as follows: S~o Paulo, 63; Santos, 1; Rio de Janeiro, 9. This was in proportion to the findings between 1914 and 1920: S~o Paulo, 286; Santos, 3; Rio de Janeiro, 15 recognized deaths from scarlet fever. The morbidity statistics, though less accurate, have been investigated with great care and show a similar wide difference. In the coast cities, the morbidity among school children was about 0.6 per cent; while in S~o Paulo it was 5.2 per cent in 834 children and 6.3 per cent among 157 adults, Each year in S~o Paulo during the cold weather, two outbreaks of scarlet fever were experienced with the peaks in May and September.
These epidemiological data collected over a period of years indicate the seasonal incidence of a streptococcus infection of the upper respiratory tract. In the environment with variable atmospheric conditions, scarlet fever was prevalent during the periods of cold weather. In the environment with a warm climate and minimal variation in temperature, little scarlet fever occurred.
To study the influence of climate on the flora of the upper respiratory tract, contemporaneous studies were conducted in New York and in the tropics during 1929 and 1930. The findings (6) 2 demonstrated that the bacterial life in the constantly hot tropics 3 and the pharyngeal flora of urban inhabitants in the tropical island of Puerto Rico are almost constant from month to month. The normal flora consisted mostly of non-hemolytic streptococcus and Gram-negative cocci. Hemolytic streptococcus appeared in the normal throat rarely and only in small numbers. Milam and Smillie (8) in their extensive bacteriological study of "colds" on an isolated tropical island (St. Johns, United States Virgin Islands, West Indies), also arrived at the con- Streptococcus pyogenes and when found, the organisms were few in number.
The Correlation between the Seasonal Distribution of Hemolytic Streptococcus and Rheumatic Fever.--A study of rheumatism in New
York City shows a striking seasonal variation. Observations on hospital ward patients and on ambulatory rheumatic subjects have C~tA.RX 1. Seasonal incidence of hemolytic streptococcus pharyngitis and recrudescences of rheumatism amongst 165 ambulatory rheumatic subjects in New York City. The peaks occurred during the spring months, and were followed by a rapid rise in the incidence of recrudescences among ambulatory rheumatic subjects.
. This study was an intensive investigation of the throat flora in Manchester, England, during the period July, 1925, to Sept., 1927, and showed wide fluctuations in the incidence of hemolytic streptococcus. In 1925, mortality from respiratory disease was low in July and rose to a high peak in November. Hemolytic streptococcus, present in only 3.2 per cent of cultures in July, rose to a peak of 36.4 per cent in November and was persistently prevalent until Apr., 1926, when the incidence of this organism fell rapidly. In Aug., 1926, the incidence of and deaths from respiratory diseases reached a minimum, and hemolytic streptococcus entirely disappeared. The rapid rise in the frequency of respiratory disease in the fall of 1926 was accompanied by a slow steady rise in the incidence of hemolytic streptococcus. Again, with the peak of respiratory infection in January to March, hemolytic streptococcus reached a pinnacle, 17.8 per cent, subsiding gradually with the incidence of respiratory disease. In Sept., 1927, in contrast to the previous year, the incidence of this organism rose rapidly to 25 per cent, when respiratory infections were not prevalent. Whether this was followed by an early fall wave of respiratory disease is not known, for there this valuable study ended.
Corresponding to this seasonal high incidence of hemolytic streptococcus, the curve of incidence of acute rheumatism shows a similar form. In New York City the spring outburst of rheumatic fever has been preceded each year by a striking increase in incidence of hemolytic streptococcus in the throat flora. The positive correlation between the seasonal incidence of Streptococcus hemolyticus and the occurrence of acute rheumatism is a definite one.
The Correlation between the Prevalence of Hemolytic Streptococcus and the Social Distribution of Rheumatic
Fever.--A marked difference in the incidence of rheumatic fever between the poor and the wealthy has long been emphasized. In an analysis (6) 4 of hospital patients in AND RHEUMATIC FEVER. I private rooms and on the public wards at the Presbyterian Hospital in New York City, rheumatic fever appeared twenty times more frequently among the poorer classes than among those in comfortable circumstances. To investigate adequately the causes of this disproportion would be a tremendous undertaking. Preliminary studies of the throat flora have been conducted on five wealthy families and five pauper rheumatic families living only a few blocks apart on the Island of Manhattan. "Common colds" and the communicable diseases of childhood have been encountered in both groups with comparable frequency. The children of the wealthy were treated for these conditions with great care. The children of the poor enjoyed no advantages during convalescence, but instead lived on an inadequate diet, with poor sanitation, overcrowding, possibly a lack of sunshine and perhaps exposure to inclement weather. Comparable throat cultures obtained weekly in the two groups of children have during a period of 2 years demonstrated the occurrence of hemolytic streptococcus in 10 per cent of the cultures of the poor, and in only 1 per cent among the rich. In the first group, the initial appearance of active rheumatism has been observed in at least three instances; among the latter, there has been as yet no appearance of the rheumatic process. From this small group of ten families with 50 children, no final conclusions can be drawn. These preliminary findings suggest, however, that poverty and unhygienic living conditions favor both the activity of hemolytic streptococcus in the throat and the incidence of rheumatic fever.
The Correlation between Infection with Hemolytic Streptococcus and the Localized Outbreaks of Rheumatic
Fever.--There is difficulty in dating the exact onset of the rheumatic state. In the absence of precise methods, it has not been possible to differentiate with certainty between the attack which represents the onset of the disease and the attack which represents a recrudescence. With this realization, a group of individuals apparently not yet stigmatized with rheumatism was selected that the influence of throat infection might be investigated.
In Sept., 1931, a class of 50 student nurses entered training at Presbyterian Hospital. The records of their histories and physical examinations obtained from their local doctors and the hospital physician indicated that they were individuals in good health. Their living quarters were excellent, dry, sunny and at constant temperature. The diet was adequate. They were carefully watched to observe the course of events should they develop throat infections. During the fall months, two throat cultures were taken of each patient. In no instance was hemolytic streptococcus present in even moderate numbers, and from only three individuals were a few of these organisms recovered. Respiratory infections were inconspicuous in the fall; however, sore throats with hemolytic streptococcus in predominance on culture appeared among the student nurses during the winter and spring months in epidemic proportions.
Monthly Incidence of Hemolytic Streptococcus Pharyngitis in a Group of Nurses
No. ofcases ....
Four of the group with throat infections developed rheumatic fever. Two types of inflamed throats were seen. In some, there was injection only; in others, there was also a sticky adherent slough. In these four individuals, whose throats had previously appeared normal, the onset of "sore throat" was accompanied by the advent of hemolytic streptococcus in almost pure culture. The manifestations of rheumatic fever were recognized after the subsidence of the local infection. In brief, the records are as follows:
Individual/.--Contracted acute follicular tonsillitis on Mar. 6, 1931. Hemolytic streptococcus was recovered in almost pure culture from the throat (Strain RN1). During convalescence, she experienced epistaxis. OnApr. 27, rheumatism manifested itself with polyarthritis and mild carditis. Individual 4.--Contracted acute tonsillitis on Mar. 9, 1931. Hemolytic streptococcus was recovered in almost pure culture (Strain RN4). On Apr. 10, erythema marginatum appeared, and this was followed by other manifestations of rheumatic fever.
While under observation in the hospital environment, twenty-eight apparently normal, healthy individuals living in one building contracted acute hemolytic streptococcus throat infections in rapid succession. They were all of brief duration except for one case of STREP. HEMOLYTICUS AND Pd=I:ELrM.ATIC FEVER. I pneumonia. In four instances, however, after apparently complete recovery from the throat infection with Streptococcus hemolyticus, rheumatic fever developed. In England, observers have likewise reported epidemics of tonsillitis which were followed by the development of rheumatic fever.
In the fall of 1884, Haig-Brown (11) observed an epidemic of throat infections at the Charterhouse School. Of 345 cases of tonsillitis in previously healthy boys, twenty-nine developed heart disease. In 1928 at the Halton Training School (10), there was an epidemic of 427 cases of tonsillitis, which was followed by fortyone cases of acute rheumatism. As pointed out by Glover, the tonsillitis preceded the rheumatism by 2 or 3 weeks. Bacteriological studies of these infections were not made; however, Glover and Griffith (4) recently described two epidemics of rheumatism in English boys' boarding schools in which 136 cases of "sore throat" were followed by fifteen cases of acute rheumatic fever3 In this epidemic, studies of the throat flora were made and showed a close association between the infection and hemolytic streptococcus. Moreover, in 1930 Bradley (12) encountered a similar epidemic of upper respiratory disease and emphasized the importance of hemolytic streptococcus. 6 The fact that in this school, free of rheumatic disease for more than 45 years, twenty-two individuals suffered from acute rheumatic fever following an epidemic of hemolytic streptococcus infections is significant.
The relationship of epidemics of tonsillitis to rheumatism has long been emphasized. These recent bacteriological studies have demonstrated a positive correlation between hemolytic streptococcus infection and localized outbreaks of rheumatic fever.
The four observations detailed above have been limited to the ecology of Streptococcus hemolyticus and its relationship to the initiation of the rheumatic process. In the following paragraphs the relationship of outbreaks of recrudescences among known rheumatic subjects to infection with hemolytic streptococcus is detailed. September, 1931 , the author had under observation thirty girls with rheumatic heart disease at The Pelham 5 Dr. F. Griffith has kindly sent two throat strains (G3 and G4) from this epidemic. These have been studied and are reported in Paper II, page 646.
The Relationship of Outbreaks of Recrudescences in Isolated Rheumatic Colonies to the Appearance of Streptococcus Hemolyticus ir~ the Throat Flora.--In
6 Dr. F. Griffith has kindly sent two throat strains (G1 and G2), the latter the Beatty culture. They have been studied and are reported in Paper II, page 649.
Home. 7 Of these only two were physically unable to attend school. There was in no instance definite clinical manifestation of an active rheumatic process. The tonsils had been removed in all except three individuals, and there was no indication of throat infection in any of the group. During the period of observation, the diet was adequate and liberal. All of the children gained weight. The Home was kept dry and heated at constant temperature during the school year. The only change during this period of observation was the discharge of five girls at the end of the first school term in March, and the admission of new patients in their places. A record of each individual's symptoms was charged daily, and each girl received a weekly physical examination.
The first rheumatic attack appeared on October 1. It was mild but definite. The occurrence of subsequent rheumatic attacks was as follows: 
+÷÷÷1÷ I
Aug.
* + mild or questionable, ++ moderate, +++ severe.
From the preceding table it can be observed that during 12 months there were thirteen rheumatic attacks among thirty-five subjects; three severe, two moderate, six mild, and two questionable attacks. Six of these occurred during the 2nd week of March. Previous to that time, only two children had experienced symptoms, and these had not been severe. In addition, two children who were discharged during the 2nd week in March developed rheumatism within a fortnight after arriving home. Eight of the eleven definite attacks were A severe epidemic of pancarditis among rheumatic subjects was described by Boas and Schwartz (13) at Montefiore Hospital in New York City. They observed that no cases developed among the non-rheumatic population and that the outbreak followed a wave of respiratory infections which spread through the wards and was contracted by all groups of patients.
preceded by mild pharyngitis, accompanied by the presence of hemolytic streptococcus in the throat flora. There was in each instance a symptom-free period of from 1 to 3 weeks between the subsidence of the local infection and the development of definite rheumatic manifestations. In several instances, severe epistaxis preceded by 2 or 3 days the recognition of a rheumatic recrudescence. These findings were similar to those of the years 1928-30, in which two outbreaks of rheumatic recrudescences were observed. Each followed a wave of upper respiratory tract hemolytic streptococcus infection detected by daily throat cultures.
A series of recrudescences was closely observed in one individual. This was the only patient at The Pelham Home with evidence of active rheumatism during the fall of 1930. She was also the only patient who experienced respiratory infection. The recrudescences in this individual appeared to be associated with attacks of sinusitis. During the fall months hemolytic streptococcus was found in this patient and occasionally in two girls with large tonsils. On February 28 during a pharyngitis, this organism (Strain RPH1) reappeared after an absence of 6 weeks. This mild infection with hemolytic streptococcus was preliminary to a fulminating rheumatic attack. During the 10 months since the subsidence of acute symptoms, hemolytic streptococcus has not been observed in her throat flora; she has been free of upper respiratory disease; there have been no rheumatic manifestations.
The association of outbursts of recrudescences in rheumatic colonies has been carefully described by Schlesinger (14) and also by Sheldon (15) . Collis (5) made bacteriological studies on the outbreak of recrudescences among the rheumatic children in Dr. Sheldon's wards at the Cheyne Hospital. He found that the organism causing the epidemic was hemolytic streptococcus, and it is shown that only after infection with this organism did relapses occur during these 4 months. A small epidemic of upper respiratory infection termed "colds" and associated with the pneumococcus produced no effects. 8
These findings of English physicians and the observations at The Pelham Home for girls with rheumatism indicate the close relationship s Through the kindness of Dr. W. R. Collis, two of the throat strains from this epidemic (C1 and C2) have been studied. They are reported in Paper lI, page 649.
between outbreaks of recrudescences among isolated groups of rheumatic subjects and the appearance of hemolytic streptococcus in the throat flora of the individuals.
The Relationship of Several Recrudescences in the Rheumatic
Family to Outbreaks of Hemolytic Streptococcus Infection.--That several cases of rheumatism may appear almost simultaneously in a single household has been repeatedly observed. In a previous report (6), 9 such a family epidemic was described and its relationship to an outbreak of hemolytic streptococcus pharyngitis was indicated. Subsequently, three similar family epidemics have been observed clinically and by bacteriological study.
Fa~nily W.--The father was known to have had rheumatic fever; the mother was thought to be a non-rheumatic subject. The first daughter, C., was admitted to the Presbyterian Hospital at the age of 7. Because of frequent epistaxis, during the 3rd year of life, her tonsils were removed at the age of 4. Mild muscle pains were frequent, and then in 1925, following cervical adenitis, she developed polyarthritis. While under observation in this study she experienced frequent attacks of chorea but escaped severe heart disease. Three more children were born, and their progress observed since infancy. In June, 1930, the first son, Ch., contracted a sore throat; the rheumatic sister was away at a convalescent school, but the second boy was at home. The oldest boy developed pancarditis and was rushed to another hospital, where no throat cultures were obtained. The second brother experienced severe epistaxis at this time and the throat cultures contained hemolytic streptococcus in predominance. During the winter of 1931, C. contracted hemolytic streptococcus pharyngitis while at The Pelham Home and experienced a recrudescence 10 days later. The three oldest children in the city remained quiescent. In the spring of 1931 when the four children were at home together, a respiratory infection was followed by chorea in C., carditis in Ch., erythema marginatum in E. and subcutaneous nodules in A. Following this, it was possible to obtain throat cultures only on C.; hemolytic streptococcus was again recovered. In the fall C. returned to The Pelham Home, where her throat became free of hemolytic streptococcus and her chorea subsided. In Jan., 1932, Ch. again contracted a respiratory infection. The other members escaped, and their throat flora did not contain hemolytic streptococcus. This organism (Strain R29) was, however, present in Ch.'s throat, and its advent was followed by a fulminating, probably fatal, rheumatic attack.
Family Al.--Consists of three daughters. Two of them had rheumatism and were observed at The Pelham Home in 1928 and 1929. During a wave of hemolytic streptococcus infections in 1929 both had this organism in the throat flora and both experienced mild recrudescences. The youngest girl, S., following similar hemolytic streptococcus infection, developed evidences of active rheumatism in the spring of 1930 and the winter of 1931. The second daughter seemed to escape infection and no evidence of an active process was detected. On Jan. 9, 1932, hemolytic streptococcus appeared in their home. The oldest sister, M., contracted pharyngitis, and cervical adenitis. She is a non-rheumatic subject. There were no sequeUae. On Jan. 10, 1932, A. contracted pharyngitis. Hemolytic streptococcus (Strain R30) which had been absent for 2 years, appeared as the predominating organism in the throat flora. Local symptoms subsided, and the organism disappeared in 5 days. After 2 weeks of good health, this patient was found to have a temperature of 102 ° without symptoms. She was admitted to the hospital where, while resting in bed, she rapidly developed carditis and polyarthritis. On Jan. 23, 1932, S., the youngest sister, contracted a severe "sore throat." Hemolytic streptococcus, which had been absent from the throat flora for 8 months, appeared as the predominating organism (Strain R31); after 1 week's convalescence, she developed carditis and was admitted to the hospital.
Family G.--Consisted of a mother and seven children, living under the extreme conditions of destitution. During the spring of 1929, shortly after the period of observation began, the mother, one boy, and one girl suffered, in addition to the family epidemic of laryngitis, manifestations of rheumatic fever. Hemolytic streptococcus was prominent in the throat flora at that time. The daughter, L. G., was taken to The Pelham Home, where daily throat cultures were obtained. For 3 months she harbored hemolytic streptococcus, and mild rheumatic symptoms persisted. During the next 3 months she was symptom-free, and the throat flora contained no hemolytic streptococcus. In contrast, the brother who had been left in the home environment contracted the respiratory diseases epidemic in the house and experienced active rheumatism. Hemolytic streptococcus was frequently recovered. After the daughter's throat flora had been free of hemolytic streptococcus for 13 months, and after she had been entirely symptom-free for I1 months, while living with her family, she contracted pharyngitis which was epidemic in the home. At that time, hemolytic streptococcus (Strain R17) appeared in large numbers in the throat flora. The brother and mother also experienced this pharyngitis and mild rheumatism. 10 days after the arrival of this organism in the daughter's throat, she experienced a fulminating rheumatic attack. For the subsequent 6 months following recovery, she has remained symptom-free and this pathogenic agent has not reappeared. In all, more than 600 throat cultures were made on the daughter during 2 years, at her own home and at The Pelham Home. There was a close relationship between the family epidemics of hemolytic streptococcus pharyngitis and recrudescences of rheumatic disease in these three members. By separating the daughter and son it was possible to demonstrate that a recrudescence occurred only in the individual with a hemolytic streptococcus throat infection. By bringing them together it was striking that, following a household epidemic of hemolytic streptococcus pharyngitis, each member developed a rheumatic attack.
In the first family, the initial appearance of rheumatism was observed in three members. In the second and third families, recrudescences of the disease were observed under a variety of conditions, and careful studies of the throat flora were made. The one constant factor in these outbreaks of recrudescences in rheumatic homes was their relationship to family epidemics of hemolytic streptococcus throat infection.
The Relationship of Recrudescences in the Rheumatic Subject to the Ecology of Hemolytic
Streptococcus.--The findings in a group of rheumatic individuals studied in New York before and after transplantation to Puerto Rico were described in a previous report (6) . l° It was pointed out at that time that recrudescences of rheumatism among the group returning to New York City closely followed the arrival of h~molytic streptococcus in the pharyngeal flora. One of these individuals escaped infection, however, until February, 1931. His story in brief is as follows:
E. C., No. 300309.--The patient is a 16 year old boy who had been under observation for 4 years. During two previous recrudescences, hemolytic streptococcus had been recovered from the throat flora. This organism was not found in the pharyngeal cultures from Dec., 1928, the date of sailing for Puerto Rico, until Feb. 14, 1931. During this period of 26 months his rheumatic process appeared entirely quiescent. On Feb. 14 he experienced a "bad cold;" hemolytic streptococcus (Strain R15) reappeared at this time in large numbers. Although he remained in bed, a severe rheumatic recrudescence manifested itself exactly 11
STREP. HEMOLYTICUS AND P.HEIYMATIC FEVER. I
days after the respiratory tract infection. Since recovery he has remained symptom-free and hemolytic streptococcus has not been found again in his pharynx.
In contrast, two children who experienced severe and frequent bouts of rheumatic fever before going to Puerto Rico have subsequently remained free of respiratory infections. Hemolytic streptococcus has not appeared active in their throats during the past 3 years, and the disease process has remained clinically quiescent. These individuals studied while in the tropics and in New York demonstrated the close relationship of the rheumatic recrudescence to the geographical distribution of hemolytic streptococcus.
The Relationship of Outbreaks of Recrudescences in Ambulatory Rheumatic Subjects to the Incidence of Hemolytic Streptococcus.--Con-
tinuous clinical and bacteriological observations were made on a group of ambulatory rheumatic subjects, 165 of whom had been studied for at least 3 years. As in previous fall seasons, there was little evidence of rheumatic activity in October, 1930. Although experiencing three waves of "common colds" all but three patients were symptom-free until the middle of February, 1931. Within the subsequent 6 weeks, however, ten of the group developed severe recrudescences. These recrudescences in the spring of 1931 were preceded by a wave of hemolytic streptococcus pharyngitis, which also evidenced itself simultaneously among the other groups under observation. 
Monthly Incidence of Acute Rheumatic Attacks among Ambulatory
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Twenty of the group had well defined infections of the pharynx, and in these, throat cultures plated on fresh rabbit blood agar demonstrated the presence of hemolytic streptococcus. Salicylates were not administered before the onset of the rheumatic attack because of the possibility of masking symptoms and preventing definite interpretation of the clinical changes. The histories of consecutive cases of rheumatism, and the findings in these illustrative individuals are described in brief.
A. N., No. 71362.--The patient is a boy of 13, who has been observed for 3 years. He had previously experienced repeated rheumatic attacks, following hemolytic streptococcus pharyngitis. On Jan. 27, 1931, after having been symptom-free for 1 year, he contracted a "sore throat" with hemolytic streptococcus appearing as a prominent organism (Strain R8). This was followed by a severe rheumatic recrudescence, which persisted for 5 months. Hemolytic streptococcus had been absent from the throat cultures previous to the onset of sore throat and has not been recovered subsequently.
R. G., No. 59498.--The patient is a man of 22, who has been under observation for several years. He had been symptom-free for 5 years. On Jan. 1, 1930, he contracted a "sore throat." At that time hemolytic streptococcus which had been previously absent from the throat flora, appeared in moderate numbers (Strain R6), persisted for 6 weeks and has not been subsequently recovered. Exactly 3 weeks after the onset of pharyngitis, he experienced a mild rheumatic attack which persisted for about 1 month.
E. C., No. 81233.--The patient is a girl of 9, who has been under observation for a period of 3 years. In Jan., 1931, she contracted a "sore throat" which was followed by a mild rheumatic attack. Hemolytic streptococcus, which previously had not been recovered from the patient's pharynx, appeared as the predominant organism (Strain R10) at the day of onset of infection, persisted for 1 week and then disappeared. This organism was associated with infection in other members of the family and has not been subsequently recovered from the patient's throat flora.
P. Me., No. 71128.--The patient is a boy of 18, whose three sisters living in different parts of New York have been observed during rheumatic attacks. On Nov. 11, 1930, he contracted a"sore throat"at which time hemolytic streptococcus (Strain R3) was present in large numbers. 3 weeks later he developed polyarthritis and a presystolic murmur.
W. P., No. 257703:--
The patient is a 19 year old clerk, under observation for 2 years. He appeared in perfect health, when on Feb. 26, 1931, he contracted a "cold." At that time his pharynx was markedly injected and the throat culture contained hemolytic streptococcus in almost pure culture (Strain R18). This organism, which had previously been absent, persisted for 12 days. 10 days after the local infection, he developed a severe rheumatic attack which necessitated treatment in the hospital for 13 weeks.
J. D., No. 61215.--
The patient is a 12 year old boy, under observation for 7 years. On Apr. 15, 1931, he contracted a "sore throat." At that time, hemolytic streptococcus, which had not been recovered from the pharynx in 2 years, appeared in almost pure culture (Strain R23), persisted for 1 week and then disappeared. Shortly after the local infection subsided, he developed a severe rheumatic attack which necessitated bed care for several months.
G. R., No. 73773.--The patient is a 21 year old college student, under observation for 3 years. On Feb. 2, 1931, she contracted a "sore throat." At that time hemolytic streptococcus, which had not been recovered from the pharynx in 18 months, appeared in almost pure culture (Strain Rll), persisted for 3 days and then disappeared. The local infection was followed by a mild rheumatic attack.
M. R., No. 83325.--The patient is a housewife of 33, who has been under observation for 2 years. On Feb. 5, 1931, she contracted a"sore throat." At this time, hemolytic streptococcus appeared as the predominating organism (Strain R12), persisted for 2 weeks and then disappeared. 10 days after the local infection she developed a moderately severe rheumatic attack.
J. Z., No. 290435.--The patient is a 32 year old cook who has been under observation for a few months. On Mar. 11, 1931, he contracted a "sore throat." At this time hemolytic streptococcus was the predominating organism (Strain R20). His tonsils were later removed and this organism recovered in pure culture. The local infection was followed by a mild rheumatic attack, which necessitated hospital treatment.
M. 0., No. 82235.--The patient is an 18 year old maid who has been under observation for 1 year. She was in good health when on Feb. 21,1931, she contracted a "sore throat." At that time hemolytic streptococcus, which had previously been absent, appeared in large numbers in the pharyngeal cultures (Strain R35). The organism persisted for a few days and then disappeared entirely. 3 weeks after the onset of the local infection she developed a moderately severe rheumatic attack. This association of recrudescences with hemolytic streptococcus infection of the throat was observed in this individual in the winters of 1929, 1931 and 1932.
F. B., No. 70078.--The patient is a schoolboy of 11, who has been under our observation for 5 years. Throughout the entire years of 1930 and 1931 he experienced rheumatic activity and hemolytic streptococcus was always present in the pharyngeal cultures. Tonsillectomy was perfomed on May 1, 1931, and hemolytic streptococcus recovered in pure culture from the tonsils (Strain R22). 10 days later he developed a fulminating attack of rheumatism. This organism has not been recovered subsequently and his disease process has remained quiet.
V. D., No. 59760.--The patient is a girl of 16 who has been under observation for 5 years. She had been observed throughout six mild recrudescences. On Mar. 1, 1931, she contracted a "sore throat." At this time hemolytic streptococcus, which had not been recovered for 11 months, appeared in almost pure culture (Strain R21). This was followed by a moderately severe rheumatic attack 9 days after the local infection. She subsequently remained symptom-free and hemolytic streptococcus has not yet again been recovered.
C. M., No. 285560.--The patient is a 12 year old girl observed during the period of 1 year. Following discharge from The Pelham Home, she contracted a "sore throat" and 2 weeks later, Nov. 21, 1931, she was admitted to the hospital with acute rheumatism. After 3 months' rest in bed, the tonsils were removed. 48 hours later, she developed a severe recrudescence. Each tonsil contained hemolytic streptococcus in pure culture (Strain R26).
R. B., No. 71809.--The patient is a 15 year old boy who has been under observation for 4 years. During 1928 and 1929 he carried hemolytic streptococcus in his throat and experienced mild rheumatic symptoms. In Oct., 1931, he appeared in better health than ever in the past. He had been entirely symptom-free for more than 1 year, and hemolytic streptococcus had not been recovered from his throat in 18 months. On Nov. 30 he contracted a "bad cold." Hemolytic streptococcus (Strain R25) reappeared in almost pure culture. A rheumatic recrudescence followed 1 week later. After 3 months of rest the tonsils were removed, and the identical type of hemolytic streptococcus was present in predominance. 4 hours later he experienced an exsanguinating epistaxis. This was followed 2 days later by a severe recrudescence of the rheumatic process.
L P., No. 241826.--The patient is a young West Indian negro housewife, previously admitted with rheumatic heart disease. While under observation for 2 years, hemolytic streptococcus was not recovered from her throat flora. On Nov. 16 she contracted a "sore throat" with hemolytic streptococcus in predominande. 10 days later she was admitted to the hospital with pancarditis. The tonsils were removed on Jan. 20. They contained hemolytic streptococcus in almost pure culture. This organism was identical with the throat strain of Nov. 16 (Strain R27). 6 days later she developed a recrudescence.
T. F., No. 307511.--The patient is a girl of 6 who after 8 months rest in bed appeared to have recovered from a severe rheumatic attack. She was ready for convalescent care at The Pelham Home when on Feb. 10, the house officer in charge of her ward developed hemolytic streptococcus pharyngitis. The following day, she contracted a "sore throat." Pharyngeal cultures on Feb. 12 contained hemolytic streptococcus in predominance. This organism (Strain R34) disappeared after a few days, and the patient recovered rapidly. On Feb. 20, after 6 days of normal temperature, the patient developed a fulminating rheumatic attack with pancarditis.
F. R., No. 68034.--The patient is a 15 year old school boy under observation for 4 years. He had experienced typical attacks of rheumatic fever in 1924 and 1926, for which his tonsils had been removed. Although stigmatized with mitral stenosis he remained symptom-free until May, 1928, when he developed a recrudescence of his disease following hemolytic streptococcus pharyngitis. For 3 years he enjoyed excellent health, except for gonococcus urethritis. On Mar. I0 he contracted pharyngitis, and hemolytic streptococcus (Strain R36) reappeared in his throat for the first time in 3 years. On Mar. 19, 7 days after the subsidence of the local infection, he again became ill with typical acute rheumatic fever. AND RHEUMATIC FEVER. I
These histories illustrate in brief the close association between hemolytic streptococcus and acute attacks of rheumatic fever. During March and April the incidence of recrudescences among ambulatory subjects in good health was high. These attacks followed closely the hemolytic streptococcus throat infections which appeared in epidemic proportions in New York during the weeks previous.
In the preceding sections, a series of observations are detailed to illustrate the influence of hemolytic streptococcus on the epidemiology of rheumatic fever. Outbreaks of this disease are striking but not common; however, the frequency of recrudescences in the rheumatic subject is one of the striking characteristics of the morbid process. Because of their importance, these sporadic relapses of rheumatism have been closely observed, both by clinical methods and by studying the throat flora of these individuals during health and disease. It has been noted that in the City of New York, hemolytic streptococcus is not a part of the normal throat flora. Its appearance in the pharynx in large numbers has usually been associated with local infection, which in the rheumatic subject has frequently but not always been followed by a recrudescence. The previous (6) 11 and recent findings in a group of ambulatory rheumatic subjects are summarized in Table I . Two things appeared definite in the study of these patients: first, n Coburn (6), p. 168.
in the rheumatic subjects who remained free of upper respiratory tract infection, the morbid process seemed in almost all cases clinically quiescent; second, in those individuals who contracted a pharyngitis before the recrudescence, the throat flora included hemolytic streptococcus during the period of infection. As in scarlet fever (16) this organism usually disappeared from the throat flora in 2 weeks. Even in most of the patients with extremely severe rheumatism, the pharyngeal infection was mild and transient. In many instances, this pathogenic agent, although present in nearly pure culture at the onset of pharyngitis, was inconspicuous during the quiescent period and absent when the rheumatic process manifested itself. A less well defined relationship appeared in three other groups. In seventeen patients, the infection preceding the rheumatic attack did not occur in the pharynx, and the throat flora showed nothing abnormal. Thirty-two patients had vague complaints and frequently carried hemolytic streptococcus in the throat flora. In these, it was not possible to date the onset of infection nor determine satisfactorily the reactivation of the disease process. Twenty-five patients seemed to escape a recrudescence following hemolytic streptococcus infection. Three of these, under close observation, were found to experience pyrexia (102 °) during the 2nd week after infection. Whether rheumatic attacks were aborted or whether the rheumatic process became active, but too insidious for clinical recognition, is not determined.
Finally, six consecutive hemolytic streptococcus infections, occurring in a period of 2 weeks among the ambulatory group, illustrate the relationship of this organism to the rheumatic attack. The clinical records of these patients are in brief as follows:
1t. R., No. 82718.--This 14 year old boy with rheumatic heart disease had remained almost symptom-free for 3 years. Although he contracted "colds," pathogenic agents were not recovered from the pharyngeal flora until Apr. 14. On that day he experienced a "sore throat" with fever 102 °, and hemolytic streptococcus appeared as the predominating organism. All symptoms, the infectious agent and the leucocytosis disappeared in 3 days. During the next 7 days the patient, although closely observed, seemed in excellent health. On Apr. 28, a change took place. He experienced malaise; there was striking alteration in the electrocardiogram, characterized by the sudden development of prolonged conduction time with P-R interval equal to 0.23 second and an elevation of the S-T interval. At the same time, although the pulse and temperature remained normal, the Addis red cell count rose precipitously from normal to 20 millions in 12 hour urine excretion and leucocytosis of 12,000 developed. 14 days after hemolytic streptococcus (Strain R45) infection, the findings indicated reactivity of the rheumatic process; however, the patient was entirely unaware of these changes which were detected only by laboratory studies. 1 month later he was readmitted to the hospital because of myocardial insutficiency.
M. H., No. 292652.--This 14 year old girl had been symptom-flee for 12 months. On Apr. 29 she contracted a "sore throat" with fever of 102 °. Throat cultures, two each week for 12 months, had up until this day revealed no pathogenic organisms; however, with the onset of pharyngitis, hemolytic streptococcus appeared prominent in the flora. 3 days later, the temperature and white blood count were normal. On the 10th day after subsidence of the local infection, with normal pulse and temperature, she developed mild joint pains, especially about the left shoulder; the white blood count rose to 14,000; no other rheumatic manifestations developed.
This individual experienced a rather severe throat infection with hemolytic streptococcus (Strain RPH2) on April 29. On May 12 a change took place. The patient was under close observation and a steady rise in the leucocyte count and mild polyarthritis were detected. This attack was so slight that, although recognized by the physician, it would have probably been overlooked by the patient.
L. K., No. 277788.--This 13 year old girl with mitral stenosis had experienced no rheumatic manifestations for 9 months when on May 1 she contracted a "sore throat" with fever of 103 ° . No pathogenic organisms had been found in the throat flora, although two cultures were obtained each month, until the 1st day of symptoms, when hemolytic streptococcus appeared in almost pure culture. After 4 days, all symptoms and this organism disappeared; however, a slight elevation of temperature and leucocyte count persisted. On May 11, the temperature rose to 101°; there were mild precordial twinges; the leucocyte count rose from 9,400 to 12,000 with an increase in polymorphonuclears from 68 to 81 per cent. This was followed by headache, mild joint pains and further elevation of body temperature.
On the 12th day after the onset of hemolytic streptococcus (Strain R48) throat infection, this patient experienced a series of changes which were characterized by an abnormal temperature, leucocyte count and by mild aches in the region of the precordium and joints. They were recognized, probably only because the patient was under close observation in the hospital.
M. K., No. 280024.--This 14 year old girl with rheumatic heart disease had been symptom-free for 9 months. Throat cultures had been obtained twice a week or twice a month during this period, and hemolytic streptococcus was not recovered until the onset of a "cold" and mild "sore throat" on May 2. The local infection was transient; she was kept in bed only 1 day. On May 10 she developed a typical rheumatic attack with fever 102 °, leucocytosis and migrating polyarthritis with the usual response to sodium salicylate.
This individual, following a mild pharyngitis with hemolytic streptococcus (Strain R49), developed a moderately severe, easily recognized attack of rheumatism. 16 year old boy with rheumatic heart disease appeared symptom-free until Apr. 29 when he contracted a "bad cold." Previous throat cultures obtained each month had not contained hemolytic streptococcus. However, with the onset of the respiratory infection this organism predominated the pharyngeal flora. On May 5, 3 days after recovery from the local infection, there was a rise in body temperature to 101 ° with a tachycardia of 140. While at rest in bed, the patient developed a severe rheumatic attack with epistaxis, polyarthritis and carditis.
E. L., No. 298005.--This
This boy, recovering from hemolytic streptococcus (Strain R46) pharyngitis, developed fever, epistaxis and tachycardia, which were followed by the well recognized picture of rheumatic fever with myocardial insufficiency.
S. S., No. 339869.--This
19 year old girl with mitral stenosis was almost entirely symptom-free for 4 years, when on Apr. 22 she contracted "grippe" and a "bad cold." This was accompanied by the advent of hemolytic streptococcus, not recovered in over 3 years from her pharyngeal flora. The local infection was severe and was followed by cervical adenitis. On May 4, 1 week after recovery, she seemed in excellent condition; however, on May 11 she became nervous. At this time her temperature was 101 ° . She was not aware of having rheumatism. During the following 48 hours, the temperature, pulse and leucocyte count rose steadily. She developed a fulminating rheumatic attack.
This individual with a 4 year symptom-free period experienced a n intense rheumatic attack 10 days after recovery from infection of the upper respiratory tract with Streptococcus hemolyticus (Strain R47).
These patients illustrate the effect of six consecutive hemolytic streptococcus infections among a group of ambulatory rheumatic subjects. Each individual was in the adolescent period; each lived a few miles from the other; each had escaped respiratory disease for months; in each the throat flora had been free of hemolytic streptococcus for 1 year or longer; each contracted a pharyngeal infection during the last 10 days of April; in each the advent of hemolytic streptococcus was recognized at the onset of the local infection. In the first patient, the laboratory determinations showed evidence which suggested a recrudescence of the rheumatic process. In the second and third, with close clinical observation, it was possible to detect signs which the patient may have overlooked. In the last three individuals, typical well recognized rheumatic attacks followed about 48 hours after the rise in temperature and pulse rate were observed by the physician. The findings in this small group are representative of the observations made over a period of 4 years; namely, that following respiratory infection with Streptococcus hemolyticus the rheumatic subject usually experiences a clinical change. This change, in most instances, is characterized by symptoms which indicate activity of the disease process, but in some individuals is detected only by the objective findings of the physician.
SUMMARY
Certain factors of climate are favorable to streptococcus respiratory diseases. In those tropical environments where hemolytic streptococcus is unusual in the throat flora, scarlet fever is unknown and rheumatic fever rare. In New York City, however, following epidemic waves of pharyngitis with hemolytic streptococcus the incidence of rheumatic fever rises precipitously. The correlation between the geographical distribution of hemolytic streptococcus and rheumatic fever is a definite one.
Furthermore, in New York City during the seasons of the year in which hemolytic streptococcus is seldom recovered from the pharynx, acute attacks of rheumatism are unusual. Corresponding to the seasonal rise in hemolytic streptococcus infections, the curve of incidence of acute rheumatism shows a similar form.
Among the children of wealthy patients, enjoying great protection, hemolytic streptococcus has been recovered infrequently from the throat, and rheumatism has not been encountered during this study. Among the poor under observation in New York City, however, the organism is found frequently in the pharyngeal flora, and rheumatic fever is common. The findings suggest that poverty and unhygienic living conditions favor both the activity of hemolytic streptococcus in the throat and the incidence of rheumatic fever.
Moreover, localized outbreaks of rheumatism have been observed frequently following epidemics of "sore throat." Bacteriological studies of these upper respiratory infections demonstrate a close relationship between the advent of hemolytic streptococcus in the throat flora and the outbreak of rheumatic fever in susceptible individuals.
In addition to these studies of streptococcus infections and their relationship to the development of rheumatic fever, observations of the rheumatic patient add further emphasis to this association. First, among a group of rheumatic children in an isolated environment, reactivation of the rheumatic process has been recognized only following the advent of hemolytic streptococcus in the throat flora.
Also, an investigation of families in which several members have rheumatic heart disease has led to the same conclusion. Recrudescences of the disease have been observed under a variety of conditions among these individuals. However, the one constant factor in the outbreaks of recrudescences in rheumatic homes is their association with family epidemics of hemolytic streptococcus infection.
Moreover, by studying rheumatic patients before, during and after transplantation to a tropical environment, it has been possible to demonstrate a close relationship between activity of the disease process and infection with hemolytic streptococcus. While the rheumatic patients remained in the tropics this organism was not recovered from the pharyngeal flora, and the disease process seemed quiescent. On return to New York City, those individuals who have escaped respiratory infection have remained symptom-free. However, of those who have contracted hemolytic streptococcus pharyngitis, each has developed a rheumatic attack within 3 weeks after infection.
Finally, extensive bacteriological studies made in ambulatory rheumatic subjects over a period of 4 years have demonstrated that the individuals who escape respiratory disease remain free of rheumatic manifestations. On the other hand, the majority of rheumatic patients who contract hemolytic streptococcus pharyngitis experience shortly afterward a definite recrudescence of their disease. In con-
